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(54) Electromagnetic filter cleaning system 

(57) A mobile surface maintenance machine has a 
cleaning brush and a dust collection system mounted 
on the machine. The dust collection system includes a 
vacuum fan, a filter housing having an air inlet and a 
pleated filter element positioned within the housing with 
its upstream side being in communication with the hous- 
ing air inlGl. The filter housing has separate, sido-by- 
side, chambers on the downstream side of the filter 
There are electrically operated valves located in the filter 
housing on the downstream side of the filter clement, 
with the valves being in communication with the vacuum 
fan. There is one valve controlling air flow from each 
chamber. The fitter element is functionally divided into 
separate, but joined, pleated sections, with each section 
being aligned with one of the chambers. There is an 



electric actuator mounted on the downstream side of 
each pleated filter section and there is a pleat moving 
element associated with and movable by each electric 
actuator. The pleat moving elements each are in en- 
gagement with only the pleats in one filter section. The 
application of electric power to the actuators causes 
movement of the pleat moving elements which move the 
fitter p leats in a vibratory manner in a direction generally 
perpendicular to folds in the pleats. There is a control 
circuit for coordinating the application of power to the 
actuators and the valves whereby when power is ap- 
plied to an actuator to impart vibratory motion to one 
pleated section, the valve associated with the chamber 
aligned with the one pleated section is operated to es- 
sentially shut off air flow through the one pleated sec- 
tion. 



C\J 

< 

LO 
(D 

O 

o 
□. 

LU 




Prnted by JO.JVG /bUC " f-'AHtS (-H) 



1 



EP 0 970 652 A2 



2 



Description 

THE FIELD OF THE (NVENTION 

[0001] The present invention relates to sweeping ma- 
chines ot tho type shown generally in U.S. Patent No 
5,01 3,333, owned by Tennant Company of Minneapolis, 
Minnesota, the assignee of the present application 
More particularly, the prosont invention relates to an im- 
proved filter cleaning apparatus which substantially in- 
creases the life of the filter element. 
[0002] It is present practice in the sweeping machine 
art to place a filter tn the air flow path of the sweeping 
machine in such a position that dust is collected below 
the filter and clean air passes from the filter to the vac- 
uum fan , Such filters are periodically cleaned, principally 
by shaker bars, as is well known in the art Shaker bars 
are not particularly effective as a cleaning device and 
the filter panel is often cleaned inefficiently and inade- 
quately. The present invention provides electromagnet- 
ic shaking of the filter medium by placement of solenoids 
on the top of the filter medium and then the use of lon- 
gitudinally extending bars to cause movement of the fil- 
ter medium. The filter medium is pleated and will be 
functionally divided into at least two sections. Each sec- 
tion will have a solenoid and a longitudinally extending 
bar. Only one pleated section will be cleaned at a time 
and while that pleated section is being cleaned, sub- 
stantially all of the air flow through the filter will be di- 
rected through the non-moving pleated filter section(s). 
[0003] When power is applied to one of the solenoids, 
the longitudinally extending bar will move in one direc- 
tion, with a spring returning the bar in the opposite di- 
rection. The solenoid is pulsed so that the vibration im- 
parted to the bar and thus to the filter pleats very effec- 
tively cleans the filter through shaking the pleats, caus- 
ing the dust to fall down into the dust collection chamber 
The electromagnetic cleaning of the present invention 
is relatively quite, simple in construction, and uses rel- 
atively low vibration of the filter medium. 
[0004] The filter housing which encloses the pleated 
filter element will have a downstream side above the fil- 
ter element divided into two chambers, one above each 
half or section of the single filter element. Each of these 
chambers will have a valve for controlling air flow from 
it toward the vacuum fan in the machine dust control sys- 
tem. When the filter needs cleaning, vibratory motion is 
applied to one section of the pleated filter element while 
the associated valve above it is closed so that there is 
negligible air flow through it The valve remaining open 
will pass enough air for dust control through the station- 
ary section of the pleated filter element dunng this time. 
Each filter section wilt thus be cleaned in turn, following 
which normal operation will be resumed, with both 
valves open and air flow through both sections of the 
filter element. 



SUf^MARY OF THE INVENTION 

[0005] Tho present invention relates to sweeping ma- 
chines and in particular to an electromagnetic filter 

6 Cleaning assembly for sweeping machines. 

[0006] A primary purpose of the invention is a filter 
cleaning assembly in which a physically continuous sin- 
gle pleated filter element is functionally divided into at 
least two separated but joined piodled filtor sections 

10 with each section being cleaned intermittently on a 
timed or a demand basis and with air flow through the 
filter section being cleaned essentially shut off during 
cleaning. 

[0007] Another purpose is a filter cleaning system as 
^5 described in which there is an electric solenoid for im- 
parting vibratory cleaning movement to each filter sec- 
tion and there is isolation between the pleated filter sec- 
tions to prevent movement from one section being im- 
parted to the other. 
20 [0008] Another purpose is a filter cleaning system as 
described in which the air flow through the non-moving 
section of the single pleated filter element is limited so 
that it does not overload that section while another sec- 
tion is being cleaned. 
25 [0009] Another purpose is a filter cleaning system as 
described in which the time duration and frequency of 
solenoid operatran is controlled to maximize filter clean- 
ing. 

[0010] Another purpose is a simply constructed, reli- 
30 able electromagnetic cleaning system in which electri- 
cally operated fitter shaking actuators are coordinated 
in operation with electrically operated valves to effect 
cleaning of a section of the pleated filter element while 
restricting or essentially eliminating air flow through the 
35 section being cleaned 

[0011] Another purpose is a reliable, efficient cleaning 
system for a pleated filter element for use on a surface 
maintenance machine in which a single filter element is 
utilized, with the element being cleaned in sections and 
40 with no movement of one section being imparted to the 
other during the cleaning operation. 
[0012] Other purposes will appear in the ensuing 
specification, drawings and claims. 

45 BRIEF DESCRIPTION OF THE DRAWINGS 

[001 3] The invention is Illustrated diagrammatically in 
the following drawings wherein: 

so Fig. 1 is a perspective, with portions broken away 
illustrating a surface maintenance machine of the 
type disclosed herein; 

Fig. 2 is a top view of tho filter housing having the 
fitter positioned therein: 
ss Fig. 3 is a top view showing the filter element with 
the filter electric actuators positioned thereon 
placed within the filter housing, but with the filter 
cover removed; 
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Fig. 4 is a section along plane 44 of Fig. 2; 
Fig. 5 is a section along plane 5-5 of Fig. 4; 
Fig. 6 is an enlarged sectional view of one of the 

vaives controlling air flov; through the filter housing 
and 

Fig. 7 is a block diagram of the control circuit for tho 
filter cleaning system disclosed herein. 

DESCRIPTION OF THE PREFF RRED EMBODIMENT 



[0014] U. S. Patent No. 5,013.333. owned by Tennant 
Company, the assignee of the present application, 
shows a filter cleaning mechanism for a pleated filter in 
which there are two separate filter elements, with the air 
flow path being divided so that essentially one half of 
the airflow is through each filter element. When it is nec- 
essary to clean one of the filter elements, air flow 
through it is closed off and all of the air flows through 
the remaining element. The system can be automatic in 
that when one filter element is being cleaned, the other 
filter element will be handling all of the air flow and tho 
filter elements may be cleaned on a limed basis or when 
the pressure drop across the filter reaches a predeter- 
mined point indicating that cleaning is necessary. Clean- 
ing is brought about by shaker bars, which has been the 
traditional way for cleaning filter elements in surface 
maintenance machines. The dust control system of the 
'333 patent requires two filters, whereas, the present ap- 
plication can provide a complete dust control system 
with the use of only a single filter, which provides sub- 
stantial cost and space saving. 

[0015] The '333 patent passes all of the air in the air 
stream through the filter element which is not being 
cleaned, which indicates that as many cubic feet per 
minute of air which would normally pass through two 
separate filters is all being passed through a single filter. 
An air filter has a critical air velocity. If it is exceeded, 
some of the airborne dust particles will be driven into the 
interior of the filter medium, rather than lodging on the 
surface, and even a vigorous shaking will not dislodge 
them. The filter becomes progressively more plugged 
until It is useless and must be discarded. I n the '333 pat- 
ent cleaning system, it is possible to exceed the critical 
velocity of air flow when all of the air is directed through 
only one of the two filters. The present invention elimi- 
nates th is probi em by restricting air flow th rough the filter 
section which is not being cleaned to maintain air flow 
through that portion of the filter belowthe critical velocity 
[0016] Prior art filter shakers of the type shown in the 
'333 patent impart their energy to the fitter frames, which 
transfer it to the pleats. Further examples of such ar- 
rangements are shown in U S. Patents 4,258 451 and 
4.345,353, also owned by Tennant Company, Such 
shakers pound on the filter frames and thus shake all of 
the pleats in a filter, it is not possible to vibrate or shake 
a portion of the pleats and leave the rest essentially un- 
moved. It is for this reason that the automatic cleaning 
system of the '333 patent has to use two separate filters 



so that one can be shut off and shaken while the other 
remains in use. The present invention is capable of us- 
ing a single filter with one section of the pleats being 
isolated from the other so that vibratory cleaning motion 
5 imparted to one section of filter pleats is not imparted to 
the other section of filter pleats. This is particularly im- 
portant because it is critical when drawing dust laden air 
through a filter panel that the panel not be disturbed by 
any outside force. If this is not done, and the fiiicr media 
10 is shaken even mildly while under vacuum, the media 
restricts to a point where it has to be discarded or blown 
out with air to remove tho impacted dust. 
[0017] U. S. Patent No 5,711,775, owned by Tennant 
Company, discloses an electromagnetic filter shaker 
IS which eliminates many if not all of the deficiencies of the 
commonly used shaker bar systems of the prior art. Co- 
pending application Serial No. 05/602,372. also owned 
by Tennant Company, is an improvement on the shaker 
mechanism of the 775 patent and illustrates the use of 
20 a single solenoid positioned above a pleated filter ele- 
ment, with the application of pulsed power to the sole- 
noid causing it to move a comb which is in engagement 
with the filter pleats to impart vibratory movement to the 
pleats. The comb moves in one direction when the so- 
ps lenoid is actuated and moves in the opposite direction 
by use of a return spring. The details of the '372 appli- 
cation are herein incorporated by reference, as the 
present invention uses essentially the same solenoid ar- 
rangement except that the single pleated fitter element 
30 is functionally separated into two isolated sections and 
there is a solenoid for moving a comb for each section. 
[0018] Focusing on Fig. 1, a mobile surface mainte- 
nance machine is indicated generally at 1 0 and includes 
a body 12 which will typically be mounted on a plurality 
35 of wheels Conventionally, there may be two rear wheels 
and a front wheel or there may be a reverse of this wheel 
arrangement. The dnver or operator will be located on 
a seat 14 and will have a steering wheel 16 and suitable 
controls for operating the machine. 
40 [0019] There is a main sweeping rotary brush 1 8 and 
there may be a side brush 20. The brush 18 will direct 
dust and debris into a hopper 22. It is important in a 
sweeping machine of this type to minimize what is char- 
acterized as "dusting" and that occurs when the filter 
45 which is a pari of the dust collection system becomes 
clogged and no longer will pass air through to the vac- 
uum tan The present invention is directed toward clean- 
ing the filter to prevent dusting. The air cleaning system 
includes a vacuum fan 24 which is connected through 
50 a conduit 26 with a filter housing 28 within which is po- 
sitioned a pleated filter 30. The air flow path created by 
the fan 24 will begin within the debns hopper 22, as in- 
dicated by arrow 32. Tho dust laden air will pass through 
a baffle piate 34 and then through the filter 30. After 
55 passing through the filter 30 as indicated by the arrows 
35, the dust-free air will flow into the housing 28, then 
through the conduit 26 to the vacuum fan after which it 
is exhausted to atmosphere. The vacuum fan is driven 
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by a hydraulic motor controlled by an electro-hydraulic 
valve 

[0020] Figs. 2 through 6 illustrate the details ol the fil- 
ter housing the filter arid the shaker system for the filter 
The filter 30, Figs, 3, 4 and 5, has a non-woven nnedia 
lormod into a plurality of pleats 38, each of which is con- 
nected by lower folds 40 and upper folds 42. The filter 
IS positioned within filter housing 28 and the filter will 
rest upon a shoulder 44 which is a part of the housing. 
There may be a peripheral seal 46 between the lower 
edge of the filter 30 and the filter housing 28. There is a 
peripheral seal 47 between the top of the filter and a 
cover 50. The housing 28 has an air inlet 48 through 
which the air is drawn by the vacuum fan 24. On top of 
the filter there is a cover 50, which is a part of the filter 
housing. The space above the filter, or at its downstream 
side, is divided into two chambers 52 and 54 A wall 56 
provides division between the two chambers. The wall 
56 may be integrally molded with the cover and there 
may be a seal element 68 along the lower edge of the 
wail 56, between it and a screen mesh 50 which forms 
the top of the filter assembly. 

[0021] Each of the chambers 52 and 54 includes an 
identical electrically-operated valve assembly 62 which 
controls the passage of air from each of the chambers, 
after it has been drawn through the filter. After air passes 
through an open valve assembly, it will flow into a back 
chamber 51 , to the conduit 26 and then to the vacuum 
tan. A differential pressure (Delta P) switch 102 is shown 
in Fig. 4. It may be located wherever convenient in the 
filter cover 50, and senses the difference in air pressure 
between the space above the filter and ambient atmos- 
phere. 

[0022] The filter element 38 is a single pleated filter 
formed of a suitable non-woven media It Is separated 
into two sections by a divider or separator 64 shown in 
Fig. 5, which may have a generally T-shaped configura- 
tion, with the top of the T being indicated at 66. or may 
be otherwise configured. Each of the sections of pleats, 
the left-hand section being indicated at 68 in Fig. 5 and 
the right-hand section at 70 In Fig. 5, will be cleaned by 
being vibrated by means of a comb; 72 for the left-hand 
side and 74 for the nght-hand side. The combs may be 
formed of a suitable plastic and each wilt have down- 
wardly-extending teeth 72a and 74a which extend be- 
tween adjacent pleats, The combs will be moved by so- 
lenoids indicated at 76 in Fig. 3 and shown and de- 
scribed in more detail in the copending '372 application. 
Each of the solenoids 7G is mounted on a plate 78. with 
the plates overlying the screen mesh 60 There is a coil 
spring 80 connected at one end to a bar 82 which ex- 
tends out from and is movable by the solenoid, with the 
other end of the spring being attached to the plato 73. 
Each bar 82 in turn is attached to a comb. Thus, when 
the solenoid receives pulsed electrical power it will move 
the bar 62 and thus one of the combs in a direction to- 
ward the solenoid and when power is removed, the re- 
turn spring 80 will move the bar 82 and an associated 



comb in the opposite direction, thus providing vibratory 
motion to the pleats. The combs are not in contact with 
each other and arc separated by the divider 64. Thus, 
vibratory motion of one set of pleats caused by applying 

5 pulsed power to one solenoid will only impart vibratory 
shaking motion to one pleat section, with the other pleat 
section remaining isolated and stationary. 
[0023] The incoming air flov;ing tn the direction of ar- 
rows 36 will pass through the inlet 48 which is common 

10 to both pleated filter sections, and then the air will be 
divided and will pass through the generally equal pleat 
sections 68 and 70, through the screen mesh 60, and 
then into the two chambers 52 and 54 Assuming a 
cleaning action is not taking place, the air will pass 

15 through the open valve assemblies 62, into the back 
chamber 51 , to the conduit 26, and then to the vacuum 
fan 24. 

[0024] Each of the valve assemblies 62 includes a 
valve element 84 shown in Fig. 6 and having a generally 
2Q conical configuration The element 84 has a peripheral 
annular flange 86. which in the closed position will be 
seated against a generally circular annular plate 56, 
which is attached to cross plate 87 with screws 89. 
Cross plate 67, with cover 50, defines back chamber 51 
25 Normally, the flow of air 36 through the valve assembly 
will maintain the valve element 84 in the open position 
shown in Fig. 6. A solenoid 90 is attached to a mounting 
bracket 92. with the solenoid plunger 94 being connect- 
ed to valve stem 93 Valve element 84 is attached to 
30 valve stem 93 in conventional manner with two fiat 
washers 103 and nut 105. The valve stem 93 carnes a 
cross pin 96 which may contact a portion 95 of bracket 
92 to limit upward movement of the valve stem 93 and 
the valve element 84 to the position shown in Fig 6. 
35 Thus, the cross pin limits the extent of the air opening 
or the size of the air flow passage through the valve as- 
sembly 62. No return spring is required, as the valve is 
opened by air flow and closed by activation of the sole- 
noid 90. An offset strap 97 connects bracket 92 to an- 
40 nular plate 88. A tubular member 99 is attached to strap 
97, and a bushing 101 within tubular member 99 serves 
as a guide for valve stem 93 to slide in freely Tubular 
member 99, strap 97, bracket 92 and annular plate 88 
together comprise one welded assembly 
45 [0025] The control circuit for operation of the shakers 
and the valve assemblies is indicated in Fig. 7. When- 
ever the vacuum fan 24 is operating, the controller 98 
will receive an input signal 1 00 from the vacuum fan con- 
trol valve and will place and maintain the titter cleaning 
50 system in a ready state. A further input from the differ- 
ential pressure (Delta P) switch 102 may be used to 
sense the pressure differential across the filter sections 
and thereby scn/c to initiate a cleaning cycle. The left 
air valve is indicated at 104 and the nght air valve is 
55 indicated at 1 06, the air valves being the valve assem- 
blies shown generally at 62 and described in connection 
with the description of Fig. 6 The shaker coils indicated 
at 108 and 110 are the solenoids 76 which move the 
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combs 72 and 74 to vibrate the pleated filter sections. 
The controller 98 may be connected to a clock time du- 
ration circuit 11 2 tor the loft side shaker coil and air valve 
and to a clock time duration circuit 114 tor the right side 
shaker coil and air valve 

[0026] In operation, and assuming a (ully automatic 
system is desired, the Delta P switch will sense the pres- 
sure ditterenlial across the filter, which is indicative of 
the degree to which the filter has become clogged and 
is limiting the passage of air, and at a predetermined io 
pressure difterential will signal the controller to initiate a 
cleaning cycle. The controller will first cause one of the 
filter sections to be cleaned and then the other. For ex- 
ample, If the left side is to be cleaned first, the left air 
valve will be closed and the left shaker coil 108 will be 
operated by the application of a signal from the clock 
circuit 112 through an amplifier 116 to the shaker coil 
The clock circuit 112 will determine the period during 
which the shaker coil is pulsed, and it is the application 
of pulsed power which is used to vibrate the pleats to 2Q 
clean them. Onco the left Side has been cleaned, the 
left air valve will open and the right air valve will be 
closed. The right shaker coil 110 will then receive an op- 
erating signal from clock circuit 114 through amplifier 
11 8 and it will then operate for a predetermined period 2i 
of time in order to clean the right side of the single filter 
element. 

[0027] The invention should not be limited to an oper- 
ating system in which the pressure drop across the filter 
triggers operation of the cleaning cycle. Cleaning may 3i 
be done on a timed basis or manually, when required by 
the operator, once the operator has noticed that the ma- 
chine is dusting. 

[0028] Filters must be stationary v/hen they are per- 
forming their filter function. It is for this reason that the 3 
two sections of the single filter element are isolated and 
the vibratory motion applied to one side is kept from ef- 
fecting or imparting movement to the other side Simi- 
larly., an air filter can only remove dust from a certain 
amount of air. and more specifically, the volume of air 4 
passing through a filter must not exceed what is called 
the "critical air velocity." If this air velocity is exceeded, 
some of the airborne dust particles will be driven into the 
interior of the filter medium rather than lodging on its 
surface and even a vigorous shaking will not dislodge 
them. The filter becomes progressively more plugged 
until it is useless and must be discarded. It is for this 
reason that the cross pin 96 limits the air flow passage 
through either valve assembly 62 to a valve below the 
critical air velocity ' 
[0029] Assume as an example that the vacuum fan 
develops enough suction to pul! 450 cubic ft. per minute 
(cfm) of air through the system when both valve assem- 
blies are open and that the filter has 78 78 sq. ft. of area 
in Its pleats, so the air velocity is 5 7 ft./min. This is below ^ 
the critical velocity which is about 7.5 ft./min for the type 
of filter and shaker system being used in this example 
When one valve assembly is closed, indicative of a 



cledning of that portion of the filler, all of the air will be 
forced to flow through the open portion of the filter It the 
full 450 cfm were passed through half of the filter, the 
air velocity would be 1 1 .4 ft./min. which is above the crit- 
ical velocity But by limiting the rise of the valve element 
84, the air passage is restricted dunng the cleaning cy- 
cle so that only 280 cfm passes through the open half 
of the filter. This restricted air flow is more than 50 per- 
cent of the total 450 cfm because the Ian characteristic 
IS such that it develops more vacuum if its intake is re- 
stricted The effect is to have 7 11 ft./min of air flow 
through the open side, which is below the critical velocity 
but enough to maintain the dust collection system work- 
ing adequately during the period of filter cleaning 
[0030] Whereas the preferred form of the invention 
has been shown and described herein, it should be re- 
alized that there may be many modifications, substitu- 
tions and alterations thereto. 



Claims 

1. An air exhaust system for controlling dust in a mo- 
bile surface maintenance machine including a vac- 
uum fan, a fitter housing having an air inlet, filter 
means positioned within said housing with an up- 
stream side thereof being in communication with 
said housing air inlet, said filter housing including 
separate chambers on a downstream side of said 
filler means, valve means for independently control- 
ling the flow of air from each chamber through the 
filter housing and toward the vacuum fan, said filter 
means being divided into sections which are inde- 
pendently movable for cleaning thereof, each sec- 
tion being aligned with a filter housing chamber, 

electromagnetic means positioned adjacent 
each filter means section lor imparling a clean- 
ing vibratory motion thereto, said filter means 
sections being isolated, one from the other, 
such that vibratory motion of one section is not 
transferred to the other, means for operating 
said valve means to restrict the flow of air from 
one chamber when the fitter means section 
aligned therewith has vibratory cleaning motion 
imparted thereto. 

2. Theair exhaust system of claim 1 wherein said filter 
means comprises a single pleated filter element. 

3. The air exhaust system of claim 2 wherein there are 
a plurality of pleats within each filter section 

4. The air exhaust system of claim 3 wherein said elec- 
tromagnetic means includes an electric actuator for 
each pleated filter section, a pleat moving element 
for each pleated filter section, associated with and 
miovable upon the application of electric power to 
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an actuator. 



5 The air cxhfaust system of claim 4 including a sep- 
arator positioned between said pleated filter sec- 
tions preventing movement ot one pleat moving el- 
ement from causing movement ot the other pleat 

moving element. 

6 The air exhaust system of claim 1 wherein said 
valve means are mounted in the filter housing. 

7. The air exhaust system of claim 1 wherein said 
valve means are electrically operated. 

8 The air exhaust system of claim 1 wherein said 
valve means are opened by the flow of air through 
said filter housing and are closed when electric 
power is applied thereto. 

9 The air exhaust system of claim 8 wherein there are 
means limiting the opening movement of each valve 
means. 

10. The air exhaust system of claim 9 wherein the 
means limiting opening movement of each valve 
means limits the size of the valve means opening 
so that the air velocity therethrough is below the crit- 
ical velocity for the filter means section through 
which air flows before reaching the valve means. 



valve element being opened by the flow of air 
through its associated chamber and closed by the 
application of electric power thereto. 

6 14 The air exhaust system of claim 13 including an 
electric circuit controlling the application of power 
to said electrically operable valve elements, and 
said actuators, whereby when pulsed electric power 
,s applied to an actuator associated with one filter 

10 chamber, electric power is applied to the valve ele- 
ment associated with that chamber to move said 
valve element to a closed position. 

15 Theairexhaustsystemof claim 13 further including 
15 means limiting opening movement of each valve el- 
ement. 

1 6 A method ot cleaning a single pleated filter element 
in which the element is divided into separated but 

20 attached pleat sections, and in which the pleated 
filler clement is located within a housing having an 
air inlet common to all pleat sections, and air outlets, 
one associated with each pleat section, said meth- 
od including the steps of periodically applying a vi- 

25 bratory cleaning movement to the pleats of one sec- 
tion, while isolating such movement from other 
pleated section(s) so there is essentially no move- 
ment thereof, and restricting the flow ot air through 
the vibrating pleated section during the period of 

30 such movement. 



11 The air exhaust system of claim 1 wherein said filter 
means comprises a single pleated filter element, 
there being a plurality of pleats within each filter sec- 
tion an actuator for each pleated filter section, a 
pleat moving element tor each pleated filter section 
associated with and movable upon the application 
of electric power to an actuator, means for applying 
pulsed power to each actuator to cause movement 
of said pleat moving element in one direction, yield- 
ing means tor moving said pleat moving element in 
an opposite direction, with the application of pulsed 
power to an actuator moving the pleat moving ele- 
ment in said one direction and said yielding means 
moving said pleat moving element in the opposite 
direction upon termination of the pulsed power to 
said actuator, whereby said pleat moving element 
imparts a shaking, cleaning movement to the pleats 
associated therewith 

12 The air exhaust system of claim 11 wherein each 
pleat moving element is in the form of a comb, with 
an upper longitudinally extending member and a 
plurality of downwardly extending teeth which are 
located between pairs of adjacent pleats. 

13 The air exhaust system ot claim 12 wherein said 
valve means includes an electrically operable valve 
element associated with each chamber each said 



35 



17 The method of claim 16 in which the vibratory clean- 
ing movement imparted to the pleats moves the 
pleats in a direction perpendicular to the pleat folds 

1 8 The method of claim 1 7 wherein the vibratory clean- 
ing movement is applied to the pleats by applying 
pulsed electric power to an electric actuator 

40 19 The method of Claim 16 including the step Of limiting 
the flow of air through the other pleated section(s) 
while applying vibratory cleaning movement to the 
pleats ot one section and restricting the flow of air 
through the one pleated section to which vibratory 

45 cleaning movement is applied. 

20 A mobile surface maintenance machine including a 
cleaning brush and a dust collection system mount- 
ed on said machine, said dust collection system in- 

50 eluding a vacuum fan. a filter housing having an air 
inlet, a pleated filter element positioned within said 
housing with a bottom side thereof being in commu- 
nication With said housing air inlet, said filter hous- 
ing having separate, side-by-side, chambers on an 

55 upper side of said filter element, electrically operat- 
ed valve means located in said housing on the up- 
per side of said fitter element, said valve means be- 
ing in communication with said vacuum fan, there 



6 



11 



EP 0 970 652 A2 



being one valve means controlling air flow from 
each chamber. 

said filter element being divided into separate 
but joined pleated sections, with each section 5 
being aligned with one of said chambers, an 
electric actuator mounted adjacent each pleat- 
ed filter section, a pleat moving element asso- 
ciated with and movable by each electric actu- 
ator said pleat moving elements each being in ^0 
engagement with only the pleats in one filter 
section, the application of electric power to said 
actuators causing movement of said pleat mov- 
ing elements to move said pleats in a vibratory 
manner in a direction generally perpendicular ^5 
to folds in the pleats. 

and a control circuit for coordinating the appli- 
cation of power to said actuators and said valve 
means whereby when power is applied to an 
actuator to inapart vibratory miotion to one pleat 
section, the valve means associated with the 
chamber aligned with said one pleat section is 
operated to restrict air flow through said one 
pleat section. 

25 

21. The machine of claim 20 including a separator ex- 
tending between said pleat sections to isolate vibra- 
tory movement of one pleat section from the other 
pleat section. 

30 

22. The machine of claim 20 including a return spring 
for each pleat moving element. 

23. The machine of claim 20 wherein each of said elec- 
trically operated valve means includes an opening 55 
in said filler housing, a valve element for closing 
said opening, with air flowing through said chamber 
normally moving said valve element to an open po- 
sition, and an electric actuator for closing said valve 
element upon the application of electric power 40 
thereto. 

24. The machine of claim 23 including means limiting 
opening movement of each valve element. 

45 
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